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REMARKS 

Claims 1 through 30 are currently pending in the application. 

Claims 1 through 15 and 27 through 30 have been withdrawn from consideration as being 
directed to a non-elected invention. 
Claims 16-26 stand rejected. 

Preliminary Amendment 

Applicants' undersigned attorney notes the filing herein of a Preliminary Amendment on 
May 29, 2001, which filing was not acknowledged in the outstanding Office Action. Should the 
Preliminary Amendment have failed for some reason to have been entered in the Office file, 
Applicants' undersigned attorney will be happy to have a true copy thereof hand-delivered to the 
Examiner. 

35 U.S.C. § 102(e) Rejection 

Claims 16 through 26 were rejected under 35 U.S.C. § 102(e) as being anticipated by 
Wang et al. (U.S. Patent 6,444,921 Bl). 

Applicant submit that a claim is anticipated only if each and every element as set forth in 
the claim is foxmd, either expressly or inherently described, in a single prior art reference. 
Verdegaal Brothers v. Union Oil Co. of California, 2 USPQ2d 1051, 1053 (Fed. Cir. 1987). The 
identical invention must be shown in as complete detail as is contained in the claim. Richardson 
V, Suzuki Motor Co., 9 USPQ2d 1913, 1920 (Fed. Cir. 1989). 

Wang describes an interposer for electrically coupling two electrical components having 
different coefficients of thermal expansion (CTE). (Abstract). The interposer 10 electrically 
couples two electrical components 1 and 5 together. (FIG. 1, Col. 4, lines 6-11). Interposer 10 is 
composed of a first substrate 12, a second substrate 20 that is separate from first substrate 12, and 
a flexible circuit layer 30 spanning the two substrates. (Col. 4, lines 17-20). Flexible circuit layer 
30 has a first portion which is attached to the first surface of substrate 12 and a second portion 
which is attached to the first surface of substrate 20. Flexible circuit 30 is bent such that 
substrates 12 and 20 face one another at their second surfaces. (Col. 4, lines 22-27). The CTEs of 
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substrates 12 and 20 are different. (Col. 4, line 38). Interposer 10 is further comprised of a first 
plurality of electrical connection areas 14 on the first surface of substrate 12 and a second 
plurality of electrical connection areas 24 on the first surface of substrate 20. Electrical traces 35 
run between areas on substrates 12 and 20 which pass through flexible circuit 30. (Col. 4, lines 
50-56). Flexible circuit layer 30 is composed of four dielectric layers 32, 34, 36, and 38 and an 
inner conductive layer 33 between dielectric layers 32 and 34. A layer of traces 35 is disposed 
between dielectric layers 34 and 36 while an outer conductive layer 37 is disposed between 
dielectric layers 36 and 38. (Col. 5, lines 12-20). Each end of each electrical trace 35 comprises a 
vertical via which extends from the middle conductive layer to the outer surface of flexible- 
circuit layer 30 and which passes through the dielectric layers 36 and 38 and outer conductive 
layer 37. (Col 5, lines 27-34). The vias do not extend through the substrates and no connection is 
made between traces 35 and substrates 12 and 20. (Col 6, lines 8-13). 

By way of contrast to Wang, the embodiment of the invention as presently claimed in 
amended independent claim 16 recites elements of the invention calling for a method of 
packaging at least one semiconductor die in a high density arrangement comprising "providing a 
substrate; providing a flexible interposer including a first surface having a plurality of electrical 
contacts for electrically connecting at least one semiconductor die to a substrate, a second 
surface, and a plurality of vias extending completely through said flexible interposer from said 
first surface to said second surface". The presently claimed invention also includes as an element 
of the claimed invention a semiconductor die with a plurahty of bond pads and attaching the 
semiconductor die to the flexible interposer to form an intermediate structure. The presently 
claimed invention further includes as an element of the claimed invention "at least one die being 
in electrical communication with said substrate through said flexible interposer". The 
intermediate structure is then attached to the substrate. Wang does not describe attaching a 
semiconductor die to only one substrate, nor does Wang describe vias extending completely 
through the flexible interposer. Furthermore, Wang does not describe that the electrical device is 
in electrical communication with the substrate. 

Applicant respectfully submits that Wang fails to describe, either expressly or inherently 
"providing a flexible interposer including a first surface having a plurality of electrical contacts 
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for electrically connecting at least one semiconductor die to a substrate, a second surface, and a 
plurality of vias extending completely through said flexible interposer from said first surface to 
said second surface". In Wang substrates 12 and 20 are attached to interposer 30. (Col. 4, lines 
22-27). Electrical devices 1 and 5 are coupled through the multiple substrate interposer. The 
substrate in Wang is intended to control the thermal expansion of the completed assembly and no 
electrical connections are made to substrates 12 or 20. (Col. 6, line 13). Furthermore, Wang does 
not describe vias that extend from "said first surface to said second surface" of the interposer. 
The vias in Wang extend only partially through the flexible circuit 30. (Col. 5, lines 27-34, 59- 
62). 

Additionally, Wang does not describe "said at least one die being in electrical 
communication with said substrate through said flexible interposer". Wang expressly provides 
that neither substrate 12 nor 20 is in electrical communication with the circuitry of the flexible 
circuit 30. (Col. 6, lines 8-13). 

As Wang fails to expressly or inherently identically describe every element of claim 16, 
Applicant submits that claim 16 is not anticipated by Wang under 35 U.S.C. § 102. 

Claims 17 through 22 are each allowable as depending either directly or indirectly from 
allowable claim 16. 

Claims 18, 19, and 21 are ftirther allowable as Wang does not describe the element of the 
claimed invention calling for "said second surface surrounds at least three sides of the at least 
one semiconductor die around which the interposer is folded" of claim 18; "said second surface 
of said interposer surrounds at least two sides of the at least one semiconductor die around which 
said interposer is folded" of claim 19; and "said interposer folds around more than two 
semiconductor die in a serpentine fashion around groups including at most two semiconductor 
die therein." Wang does not enclose either electrical device 1 or 5 with the interposer 10. 
Interposer 10 enfolds only the CTE relieving substrates 12 and 20, which are not electrically 
active. Since Wang fails to describe each and every element of claims 18, 19, and 21, Apphcant 
respectfully submits that claims 18, 19, and 21 are not anticipated by Wang under 35 U.S.C. § 
102. 
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Claim 22 is further allowable as Wang does not describe the element of the claimed 
invention calling for "applying electrical contacts to a top surface of a high density 
semiconductor package to attach semiconductor devices to said package/' Wang does not apply 
additional contacts to either of the electrical devices 1 or 5. No additional devices are attached to 
electrical device 5 other than electrical device 1 . Applicant submits that claim 22 is not 
anticipated by Wang under 35 U.S.C. § 102 because Wang fails to describe each and every 
element of claim 22. 

Applicant submits that Wang fails to describe, either expressly or inherently "providing 
an interposer including a first surface having a plurality of electrical contacts, a second surface, 
and a plurality of vias extending completely through said interposer from said first surface to said 
second surface; attaching said at least one die to said interposer to form an intermediate 
packaging structure" as provided in presently amended independent claim 23. As discussed 
above for claim 16, Wang does not provide vias that extend completely through the interposer. 
Thus it is not possible for the via to extend from the first surface to the second surface as 
provided in claim 23. Furthermore, as presently amended claim 23 provides for direct attachment 
of the semiconductor die to the flexible interposer. No substrate is attached. Wang provides a 
substrate to which the electrical component is attached. Therefore, Wang does not describe the 
elements of Applicant's claimed invention. 

Claims 24 through 26 are each allowable as depending directly from allowable claim 23. 

Claim 24 is further allowable as Wang does not describe the element of the claimed 
invention calling for "attaching multiple semiconductor die in groups of two semiconductor die, 
said semiconductor die having a back-to-back configuration, a back side of one semiconductor 
die substantially contacting a back side of another semiconductor die of a group." Wang attaches 
an electrical component 1 to a device such as a printed wiring board, 5. (FIG. 1). Device 1 is the 
only device attached by means of the interposer 10. (FIG, 1). Substrates 12 and 20 are CTE 
substrates designed to reduce the problems caused by differing thermal expansion rates and are 
not active electrical devices. (FIG. 1). Applicant respectfully submits that claim 24 is not 
anticipated by Wang under 35 U.S.C. § 102. 

. Claim 26 is further allowable for the same reasons as stated above for claim 22. 
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ENTRY OF AMENDMENT 

Applicants submit that claims 16 through 26 are clearly allowable over the cited prior art 
for the reasons set forth herein. 

Applicants request the allowance of claims 16 through 26 and the case passed for issue. 

V. 

Respectfully submitted, 

v*/^'^*!^ ^^^^ 

James R. Duzan 
Registration No. 28,393 
Attorney for Applicant 

TraskBritt 

P.O. Box 2550 

Sah Lake City, Utah 841 10-2550 
Telephone: 801-532-1922 

Date: March 7, 2003 
JRD/jml:djp:csw 

Enclosure: Appendices A-C 

\\Traskbrittl\Shared\DOCS\2269-4360US\24769.doc 
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APPENDIX C 

VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE CLAIMS : 

A marked-up version of each of the presently amended claims, highlighting the changes 
thereto, follows: 

16. (Amended) A method of packaging at least one semiconductor die in a high 
density arrangement comprising: 
providing a substrate; 

providing a flexible interposer including a first surface having a plurality of electrical contacts for 
electrically connecting at least one semiconductor die to a substrate, a second surface, and 
a plurality of vias extending completely through said flexible interposer from said first 
surface to said second surface; 

providing at least one semiconductor die having a plurality of bond pads on a first surface 
thereof; 

attaching said at least one semiconductor die to said flexible interposer forming an intermediate 
structure, said interposer being folded around said at least one semiconductor die, said at 
least one die being in electrical conununication with said substrate through said flexible 
interposer; and 

attaching said intermediate structure to said substrate. 

23 . (Amended) A method of forming a high density semiconductor package 
comprising; 

providing at least one semiconductor die having a plurahty of bond pads on a surface of said at 
least one die; 

providing an interposer including a first surface having a plurality of electrical contacts, a second 
surface, and a plurality of vias extending completely through said interposer from said 
first surface to said second surface; 

attaching said at least one die to said interposer to form an intermediate packaging structure; 



providing a substrate; 

attaching said substrate to said intermediate structure; and 

connecting between said substrate and said at least one semiconductor die. 



APPENDIX B 

(VERSION OF SUBSTITUTE SPECIFICATION EXCLUDING CLAIMS 
WITH MARKINGS TO SHOW CHANGES MADE) 
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TITLE OF THE INVENTION 
FOLDED INTERPOSER 

BACKGROUND OF THE INVENTION 
[0001] Field of the Invention : The present invention relates to a semiconductor die 
package. More particularly, the present invention relates to a folded interposer used to increase 
the semiconductor die density of a high density semiconductor package. 

[0002] Background of Related Art : As electronic devices, such as cell phones and 
personal digital assistants ("PDAs"), become smaller, more portable, and more technologically 
advanced, there is an increasing need for high density semiconductor die packages that can 
provide the necessary memory for these devices. New, high density semiconductor packages 
must be easily and cheaply manufactured with existing equipment. In addition, the package must 
maintain the reliability and quality of the semiconductor die. A semiconductor die package 
contains many electrical circuit components that must be interconnected to form functional, 
integrated circuits. 

[0003] Consumers want their portable devices to perform the same functions as their 
desktop computers, therefore requiring large amounts of memory in a much smaller electronic 
device. One way of accomplishing this is to increase the density of a semiconductor die package 
by using the package's real estate more efficiently. One advantage of high density packaging is 
that it decreases the length of the connections between the semiconductor die and the package, 
allowing the semiconductor die to respond faster. Also, reducing the length of the connections 
reduces the signal propagation time and makes the signal paths less vulnerable to the 
aSeetseffects of noise. 

[0004] Numerous high density semiconductor packages exist in the art. However, these 
packages are ill-suited for use in small, portable electronic devices because they inefficiently use 
their real estate, which unnecessarily adds to the overall size of the package. For instance, 
United States Patent 5,128,831 issued to Fox, HI et al. teaches a high density package composed 
of multiple submodules, each of which contains a chip bonded to a substrate. A spacer, which is 
at least as thick as the chip, is adhesively bonded to the peripheral upper surface of each 
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submodule before the submodules are stacked to form the high density package. The thickness 
of the spacer causes a gap between each submodule. When multiple submodules are needed, the 
cumulative effect of these gaps makes the package significantly larger than the size of the 
components used in the package. 

[0005] A multichip module comprised of stacked semiconductor dice is disclosed in 
United States Patent 5,323,060, issued to Fogal et al. The semiconductor dice are electrically 
connected to a substrate by extending long bond wires from bond pads on each semiconductor 
die to the substrate. In order to accommodate the loop height of the bond wires, a thick adhesive 
layer is applied between the semiconductor dice. The adhesive layer must be thick enough that 
the bond wires of the lower semiconductor die do not contact the upper semiconductor die. This 
multichip module is not suited for small electronic devices because the adhesive layer between 
the dice increases the overall thickness of the semiconductor package. 

[0006] United States Patent 5,604,377 issued to Palagonia teaches a stack of 
semiconductor chips designed to be lightweight and to provide better cooling, mechanical shock, 
and vibration protection. The chips are separated by rigid, insulating interposers formed from a 
rack structure that contains shelves. The shelves provide electrical insulation and mechanical 
protection to the chips. The rigid shelves also prevent undue movement of the chips, while the 
spacing between shelves allows for adequate heat dissipation. Since the shelves are rigid and 
provide space between the chips, the packaging scheme is not suited for use in small electronic 
devices. 

[0007] United States Patent 5,818,197 issued to Pierson et al. teaches an integrated 
circuit package that utilizes metallization features, located at opposite edges of each chip, to 
attach a stack of chips to a substrate. The chips are bonded together through their metallization 
features to form a chip stack, which is then bonded to the substrate. The thickness of the 
metallization features, in addition to the bonding material used, provides a "stand off or 
separation between chips. This separation adds to the overall thickness of the integrated circuit 
package, making it incompatible for use in electronic devices that require small semiconductor 
packages. 



3 



[0008] In United States Patent 5,994,166 issued to Akram et al.^ a dense semiconductor 
package comprising multiple substrates with attached flip-chips is disclosed. The substrates are 
stacked on top of one another. Column-hke connections positioned between the stacked 
substrates provide electrical communication. The electrical connections must be of sufficient 
height to provide enough clearance between substrates to mount components and also must be of 
sufficient strength to provide support between the substrates. Since the column-like connections 
cause unused space between the substrates, this semiconductor package is incompatible with 
electronic devices that require small semiconductor packages. 

[0009] While nimierous high density semiconductor packages exist, they share a 
common disadvantage in that they inefficiently use the space of the semiconductor package. The 
unused or wasted space may be the result of thick adhesive layers between semiconductor dice or 
may be caused by rigid interposers or other spacers. Small electronic devices, such as cell 
phones and PDAs, have very limited space and cannot afford to waste any of this space. 
Reducing the wasted or unused space in a semiconductor die package is essential because large 
packages occupy too much of this limited space. It would be preferable to reduce the unused or 
wasted space in a stack of semiconductor dice by more closely spacing the semiconductor dice. 
It would be more preferable for the semiconductor dice to be spaced substantially one on top of 
another. It would be most preferable for the overall size of a high density semiconductor package 
to be caused only by the thickness of the semiconductor die and a substrate, without substantial 
thickness coming fi'om additional packaging or unused space. 

[0010] Methods for connecting diedice to a substrate are well known in the art. For 
example, wire bonding, tape automated bonding ("TAB"), and controlled collapse chip 
connection ("C4") are commonly used to physically and electrically connect semiconductor dice 
to a substrate. Wire bonding utiUzes fine wire conductors bonded on one end to the substrate and 
on the other end to electrical contacts on the semiconductor die. Because wire bonding requires 
wires to be welded to the die, there must be adequate space to accommodate the wires. TAB 
utilizes patterned metal on a polymeric tape to join dice together. The joined semiconductor dice 
are attached to a substrate by outer lead bonding. C4, or flip-chip, bonding uses solder balls on 
the surface of a semiconductor die to bond the semiconductor die to a substrate. 




[0011] In addition to the above-mentioned methods, the prior art also discloses using 
vias to attach a semiconductor die to a substrate and to provide electrical communication 
between the semiconductor die and substrate. The vias may be filled with conductive metal or 
flexible leads may be run through the vias to provide electrical communication. As mentioned 
above, United States Patent 5,128,83 1 issued to Fox, HI et al. teaches a high density package 
composed of multiple submodules, each of which eent ^contains a chip bonded to a substrate. 
Each substrate has a metallization pattern, which comprises multiple conductive traces. A spacer 
is adhesively bonded to the peripheral upper surface of each submodule before the submodules 
are stacked. Both the substrate and spacer contain vias that are coincident and substantially 
coaxial te with each other when the package is assembled. The vias are filled with solder to 
electrically connect the traces of all the submodules. Similarly, United States Patent 5,148,266 
issued to Kane et al., mentioned in more detail below, uses solid vias to electrically intercoimect 
two chips on opposite sides of a flexible carrier. 

[0012] United States Patents 5,252,857 and 5,682,061 issued to Khandros et al. 
disclose a semiconductor chip assembly containing a semiconductor chip and a substrate that are 
separated by an interposer. The interposer contains multiple apertures that extend from the first 
surface to the second surface of the interposer. Flexible leads extending through the apertures are 
used to connect the chip to terminals on the interposer. The interposer terminals are then 
connected to contact pads on the substrate. The flexible leads allow for movement of the 
contacts on the chip relative to the contacts on the substrate, thereby reducing the stresses caused 
by thermal cycling. 

[0013] The semiconductor die industry has commonly used flexible components to 
ameliorate the problems associated with differential thermal expansion of a semiconductor die 
and substrate. If a die and substrate have different coefficients of thermal expansion, the heat 
generated by operating an electronic device causes the die and substrate to expand at different 
rates. AVhen the electronic device is turned off, the semiconductor die and substrate contract at 
different rates. Over time, these heat cycles place a large amount of mechanical stress on the 
electrical contacts and solder connections between the semiconductor die and substrate. After 
repeated cycles, the contacts and connections may fail. The semiconductor die industry has 
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recognized two ways around this problem. First, the mechanical stress on the electrical contacts 
and solder connections can be minimized by using components that have similar coefficients of 
thermal expansion. However, this severely limits the types of components that can be used 
together. A second way around this problem is to incorporate flexible components into the die 
package. Flexible components known in the art include interposers, circuits, circuit boards, and 
leads. For example, United States Patent 4,851,613 issued to Jacques teaches a flexible circuit 
board that can be bent, rolled, or folded into a desired shape. The circuit board comprises a 
substrate, a layer of conductive material in which a circuit is formed, and an insulating layer. 
Surface mount devices, such as resistors, capacitors, and integrated circuits, can be mounted to 
the flexible circuit board. Use of the flexible circuit board allows for thermal expansion between 
the surface mount devices and the circuit board without cracking solder joints or breaking 
electrical and physical connections. 

[0014] In United States Patents 5,148,266 and 5,682,061 issued to Khandros et al., a 
semiconductor chip assembly containing an interposer and flexible leads is disclosed. The 
interposer separates a semiconductor chip and a substrate. The chip and substrate electrically 
communicate through flexible leads that run through apertures in the interposer. The leads 
connect the chip to terminals on the interposer, which are then connected to contact pads on the 
substrate. The flexible leads allow for movement of the contacts on the chip and, therefore, 
reduce the stresses caused by thermal cycling. 

[0015] United States Patent 5,889,652 issued to Turturro teaches an integrated circuit 
package comprising an integrated circuit attached to a substrate. The substrate includes two 
portions, a bond portion and a contact portion, separated by a flexible portion. The integrated 
circuit is attached to the bond portion of the substrate, while the contact portion is attached to a 
printed circuit board. The flexible portion of the substrate allows for relative movement between 
the package and the circuit board, minimizing thermal expansion stress on the solder joints. 

[0016] United States Patent 6,002,590 issued to Famworth et al. teaches a printed 
circuit board that contains traces attached to a flexible trace surface. Components, such as ball 
grid array ("BGA") components, are attached to the traces. The flexible trace surface may be 
created by the top surfaces of flexible protuberances, which are formed by etching away the 
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substrate not covered by the traces. Alternatively, the flexible trace surface may be formed by 
depositing a flexible layer onto the printed circuit board. The flexible trace surface allows the 
traces to be displaced in a direction of thermal expansion of the attached components, thus 
preventing cracking of solder joints between the trace and component. 

[0017] United States Patent 6,014,320 issued to Mahon et al. teaches a high density 
circuit module that is comprised of a flex circuit attached to a substrate. The flex circuit is 
attached to one side of the substrate and folded over to the other side of the substrate. The 
resulting module includes integrated circuits on one side of the substrate and input/output pads 
on the opposite side. 

[0018] While the above-mentioned inventions disclose flexible components in 
semiconductor die packages, they only disclose attaching one semiconductor die to a substrate. 
Since high density semiconductor packages are necessary for new generations of electronic 
devices, it would be preferable to combine flexible components with semiconductor die packages 
that can accommodate multiple semiconductor dice. 

[0019] United States Patent 5,252,857 issued to Kane et al.j discloses both of these 
features. A dense memory package is disclosed where two memory chips are mounted face-to- 
face on opposite sides of a flexible carrier or interposer. The two chips contain solder bumps that 
align when the chips are placed face to face. In addition, the interposer contains pads that are 
coated with low melting point solder. The bumps on the chips contact the pads on the interposer 
and are soldered together. Kane also discloses a pluraUty of pairs of chips mounted on opposite 
sides of a flexible carrier. The flexible carrier with the attached chips can be folded to connect 
with substrates, such as printed circuit boards. While Kane discloses a flexible carrier that can be 
used to connect multiple diedice to a printed circuit board or backplane, Kane discloses that t he 
pairs of dice are mounted face-to-face on opposite sides of the flexible carrier. 

[0020] The present invention solves the above-mentioned problems. The present 
invention discloses a high density semiconductor package that has reduced or eliminated the 
unused space between stacked semiconductor diedice. The resulting high density semiconductor 
package of the present invention is small^ and is, therefore, useful in portable electronic devices 
such as cell phones and PDAs. 
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SUMMARY OF THE INVENTION 
[0021 ] The present invention relates to a folded interposer and a high density 
semiconductor package that utilizes the folded interposer. The folded interposer is comprised of 
a thin, flexible material that can be folded around one or multiple semiconductor dice. The 
folded interposer allows multiple semiconductor dice to be efficiently stacked in a high density 
semiconductor package by reducing the unused or wasted space between stacked semiconductor 
dice. The present invention also relates to a method of packaging semiconductor dice in a high 
density arrangement and a method of forming the high density semiconductor die package. 
Finally, the present invention relates to a computer system that incorporates the folded interposer 
in a high density semiconductor die package. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0022] While the specification concludes with claims particularly pointing out and 

distinctly claiming the present invention, the advantages of the invention can be more readily 

ascertained from the following detailed description of the invention when read in conjunction 

with the accompanying drawings in which: 

[0023] FIG. 1 is a side view of an interposer of the present invention; 

[0024] FIG. 2 is a side view of an interposer of the present invention folded around one 

semiconductor die; 

[0025] FIG. 3 is a side view of an interposer of the present invention folded around two 
semiconductor dice; 

[0026] FIG. 4 is a side view of an interposer of the present invention folded around two 
semiconductor dice and attached to a substrate; 

[0027] FIG. 5 is a side view of an interposer of the present invention folded in a 
serpentine fashion around more than two semiconductor dice; and 

[0028] FIG. 6 is a side view of an interposer of the present invention showing electrical 
contacts on the top surface of the structure. 
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DETAILED DESCRIPTION OF THE INVENTION 

[0029] Illustrated in drawing FIG. 1 is an interposer 10, which includes a first 
surface 16 and a second surface 18. The first surface 16 includes electrical contacts 20 for 
attaching the interposer 10 to a substrate (not shown), such as a printed circuit board. Vias 24 
extend through the interposer 10 fi-om the first surface 16 to the second surface 18 and are in 
communication with the electrical contacts 20. The folded interposer 10 is comprised of a thin, 
flexible material, such as an insulative polymer. The material has substantially the same width as 
a semiconductor die so that the material covers the surface of the semiconductor die. Preferably, 
the material should also be thermally conductive to allow for adequate dissipation of heat 
generated by the electrical circuitry. 

[0030] As illustrated in drawing FIGS. 2 and 3, the interposer 10 is flexible enough to 
fold around one or multiple semiconductor dice 12. Preferably, the semiconductor dice 12 are 
bare, unpackaged diedice. As is illustrated in drawing FIG. 2 (vias not shown), the interposer 10 
surrounds at least three sides of one semiconductor die 12^ to form an intermediate packaging 
structure 28. Illustrated in drawing FIG. 3 (vias not shown) is an intermediate packaging 
structure 28 containing multiple semiconductor dice 12, wherein the interposer 10 surrounds at 
least two sides of each semiconductor die. 

[0031] Methods of attaching a semiconductor die to a substrate are well known in the 
art. Any means known in the art for attaching the semiconductor die to the interposer may be 
used in the present invention. Intermediate packaging structure 28, which includes the 
interposer 10 and attached semiconductor diedice 12, is attached to a substrate to form a high 
density semiconductor package 14 (see FIG. 4). 

[0032] The present invention also relates to a high density semiconductor die 
package 14 utihzing the folded interposer 10. As is best illustrated in drawing FIGS. 4 through 
6, the folded interposer 10 is used to attach one or multiple semiconductor dice 12 to a 
substrate 22, thus forming the high density semiconductor package 14. The interposer 10, which 
has two surfaces, is folded around the semiconductor diedice 12 to form intermediate packaging 
structure 28. As is best illu s trat e d in drawing FIG. 2 (vias not shown), th e int e rpos e r 10 
surrounds at l e ast thr ee sid e s of on e s e miconductor di e 12 in int e rm e diate packaging s tructur e 2 8 . 
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Illustrat e d in drawing FIG. 3 (vias not shown) is an intorm e diat e packaging structure 2 8 
containing two semiconductor dice 12, wherein the interpos e r 10 surrounds at l e ast two s ides of 
e ach s e miconductor di e . Since the bond pads 26 (FIGS. 2-3) of each semiconductor die 12 must 
be in contact with vias 24 (FIG. 1) , multiple semiconductor diedice 12 must be positioned in 
groups of two in a back-to-back configuration so that all semiconductor diedice 12 are in 
electrical communication with substrate 22. Intermediate packaging structure 28 is then attached 
to the substrate 22 through the electrical contacts 20 on the first surface 16 of the interposer 10. 
The substrate 22 may be any type of semiconductor substrate known in the art, such as a printed 
circuit board. The semiconductor di edice 12 and substrate 22 are in electrical communication 
through the bond pads 26 and the electrical contacts 20, which are in contact with the vias 24. 
The vias 24 may be filled with a conductive material to provide electrical communication 
between the semiconductor die dice 12 and substrate 22, 

[0033] The high density semiconductor die package 14 accommodates more than two 
semiconductor die dice by weaving the flexible interposer 10 around groups of two 
semiconductor dice. Since the bond pads 26 of each die must be in contact with vias 24, the two 
semiconductor dice 12 must be positioned in a back-to-back configuration so that all 
semiconductor dice 12 are in electrical communication with substrate 22, As is illustrated in 
drawing FIG. 5 (bond pads and vias not shown), the interposer 10 weaves in a serpentine fashion 
between groups of two semiconductor dice 12. 

[0034] As is illustrated in drawing FIG. 5 (bond pads 20. vias 24. and substrate 22 not 
shown), the present invention also relates to a method of packaging semiconductor dice in a high 
density arrangement. The semiconductor dice are packaged by providing at least one 
semiconductor die 12, a flexible interposer 10, and a substrate 22. The interposer 10 is folded 
around and attached to the semiconductor dice 12. The interposer 10 has a first surface 16, a 
second surface 18, and vias 24 that extend through the interposer 10 from the first surface 16 to 
the second surface 18. The first surface 16 includes electrical contacts 20. The semiconductor 
dice 12 are attached to the interposer 10 through bond pads 26 on the active surface of the 
semiconductor die 12 to form intermediate packaging structure 28. Intermediate packaging 
structure 28 is then attached to substrate 22 through the electrical contacts 20 to form a high 
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density semiconductor package 14. This attachment also resuUs in electrical communication 
between the semiconductor die 12 and the substrate 22. In a high density semiconductor 
package 14 containing one semiconductor die 12, the interposer 10 is folded around the 
semiconductor die 12 so that at least three sides of the semiconductor die are surrounded, as is 
illustrated in drawing FIG. 2 (vias and substrate not shown). In a high density semiconductor 
package 14 containing two semiconductor dice 12, the interposer 10 surrounds at least two sides 
of each semiconductor die 12, as is illustrated in drawing FIG. 3 (vias and substrate not shown). 
Illustrated in drawing FIG. 5 (bond pads, vias, and substrate not shown) is that the interposer 10 
weaves in a serpentine fashion between semiconductor diedice 12 stacked in groups of two when 
a high density semiconductor package 14 containing more than two semiconductor dice 12 is 
desired. Additionally, electrical contacts 20 may be appUed to a top surface 30 of the 
package 14, as is shown in drawing FIG. 6 (bond pads, vias, and substrate not shown), so that the 
package 14 can be attached to other semiconductor devices, depending on the desired 
apphcation. 

[0035] The present invention also relates to a method of forming a high density 
semiconductor die package 14. The high density semiconductor die package 14 is formed by 
providing the interposer 10 and at least one semiconductor die 12. The at least one 
semiconductor die 12 ^is attached to the interposer 10 to form intermediate packaging structure 
28. The intermediate packaging structure 28 is attached to substrate 22 through methods well 
known in the art, such as wire bonding, C4, TAB, and bonding through vias. In applications 
where more than two semiconductor dice are desired, the semiconductor die dice 12 are attached 
to the interposer 10 in groups of two in a back-to-back configuration. Electrical connection 
between the substrate 22 and semiconductor diedice 12 is established through the electrical 
contacts 20 and vias 24 on the interposer 10. Additionally, electrical contacts 20 may be applied 
to a top surface 30 of the high density semiconductor die p ackage 14, as is shown in drawing 
FIG. 6 (bond pads and vias not shown), so that the high density semiconductor die p ackage 14 
can be attached to other semiconductor devices, depending on the desired application. 

[0036] The present invention also relates to a computer system using the folded 
interposer 10 and high density semiconductor die package 14. The computer system is 
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comprised of an input device, an output device, a processor, and a memory module. The 
processor is coupled to the input and output devices. The memory module is coupled to the 
processor. The memory module includes a module board and the high density semiconductor 
package 14, which are in electrical contact with each other. The high density semiconductor 
package 14 utiHzes the folded interposer 10 as has been described above. 

[0037] Although specific examples demonstrating the present invention have been 
described, it is to be understood that the invention defined by the appended claims is not to be 
limited by the particular details set forth in the above description. One of ordinary skill in the art 
would understand that many apparent variations are possible without departing from the scope of 
the appended claims. For example, varying the number of semiconductor diedice in the high 
density semiconductor die package would be understood to be within the scope of the appended 
claims. Li addition, varying the methods of attaching the diedice to the interposer and/or the 
substrate and the methods of achieving electrical communication between the semiconductor 
diedice and the_substrate would be understood to be within the scope of the appended claims. 
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ABSTRACT OF THE DISCLOSURE 
A folded interposer used to achieve a high density semiconductor package is disclosed. 
The folded interposer is comprised of a thin, flexible material that can be folded around one or 
multiple semiconductor diedice in a serpentine fashion. The semiconductor diedice are then 
attached to a substrate through electrical contacts on the interposer. The folded interposer allows 
multiple semiconductor diedice to be efficiently stacked in a high density semiconductor package 
by reducing the unused or wasted space between stacked semiconductor diedice. Vias extending 
through the folded interposer provide electrical communication between the semiconductor 
diedice and the substrate. The present invention also relates to a method of packaging 
semiconductor diedice in a high density arrangement and a method of forming the high density 
semiconductor package. 
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